The shrublands are very common in Urla-Çeşme-Karaburun peninsula located in the western point of Turkey. Prickly shrubby burnet (Sarcopoterium spinosum L.) is one of the common weed which has intensive thorns making its consumption for the local domestic animals. However, Sarcopoterium spinosum is a valuable and common medicinal plant in the Mediterranean region. Crude extract of S. spinosum leaves exhibited higher antioxidant activity, as 3143.5± 238.5 µM TEAC (Trolox Equivalent Antioxidant Capacity)/g dry weight (DW), when compared to other medicinal plants found in the literature. The aim of this study was to determine the effect of extraction parameters on the content and biological activity of the extract by response surface methodology (RSM) as well as to identify its major compounds. High Performance Liquid Chromatography (HPLC) was employed to investigate the phenolic content of S. spinosum extract. The composition of the phenolic contents including hyperoside and isoquercetin, the latter being the major component, in S. spinosum extract has been shown for the first time by HPLC. Antimicrobial activity of S. spinosum extract, identified by minimum inhibition concentration (MIC) assay, indicated that the crude extract had antifungal activity against Candida albicans.
Introduction
Plant derived natural phenolic compounds have potentials to be utilized in many different industries including medical, cosmetic, food and pharmaceutical. Phenolic compounds are known for their antioxidant activity which refers to ability to scavenge free radicals that cause diseases related with oxidative stress. In addition, bioactive compounds isolated from medicinal plants can effectively be used for the development of new drugs in pharmaceutical industry (Cragg and Newman, 2005; Bayraktar et al., 2016) . S. spinosum, an endemic species, having high antioxidant capacity and phenolic content can easily be found in the Mediterranean Region (Georgios et al., 2007; Bar and Negoitza, 2007; Domenico et al. 2007; Ronel et al., 2007; Al-Mustafa and Al-Thunibat, 2008) . S. spinosum has been used in complementary medicine for preventing the symptoms of several diseases such as diabetes, pain, digestive problems or cancer (Yaniv, 2007; Rao et al., 2010) . It was especially considered as a potential anti-diabetic drug (Reher et al., 1991a; Reher et al., 1991b; Reher and Budesinsky, 1992; Rosenzweig et al., 2007) , exhibiting an effect similar to insulin for the uptake of glucose in hepatocytes (Kasabri et al., 2011) , increasing insulin secretion in vitro, and having an improved glucose tolerance in vivo (Smirin et al., 2010) .
In the literature, phytochemical composition of the extracts mostly from the roots of Sarcopoterium spinosum was investigated. The antidiabetic activities of the extracts from the roots of Sarcopoterium spinosum were usually attributed to the presence of triterpenes and tannins in the root extracts (Reher and Budesinsky, 1992; Lobna et al., 2013) . Recently, phenolic and flavonoid contents in extracts from the aerial parts of Sarcopoterium spinosum were evaluated for their antimicrobial and cytotoxic activities (ElHawary et al., 2016) .
In the present study the objective was to determine the conditions for the optimum extraction of phenolic compounds with antioxidant and antimicrobial activity by using response surface methodology (RSM). It was also aimed to identify the major compounds in ethanolic extract of S. spinosum leaves and establish a relation with the antioxidant and antimicrobial activity. Although it has been proposed that S. spinosum would be used in traditional medicine to the best of our knowledge, the presence of isoquercetin and hyperoside within ethanolic extract of S. spinosum leaves has not been reported earlier.
Materials and Methods

Preparation of Crude Extract
Aerial parts of S. spinosum grown in Urla, İzmir were collected in spring during the flowering period. The leaves of S. spinosum were dried at room temperature. After grinding the dried leaves the powder form of plant material was obtained. Extraction was performed in aqueous ethanol solution by changing several parameters of interest including extraction time, solvent concentration and liquid-solid ratio at constant initial amount of plant material (10 g) and agitation speed (180 rpm). A set of experiments determined by design of experiment software (Minitab Inc., State College, PA, USA) were carried out. Extract was first filtered and then evaporated under vacuum at 35°C to remove ethanol. Extract was obtained after centrifuging at 5000 rpm for 10 min to remove solid particles, followed by lyophilization.
Determination of Total Phenolic Content and Total Antioxidant Capacity
Folin-Ciocalteu method (Singleton and Rossi, 1965; Ainsworth and Gillespie, 2007) was used to determine the total phenol contents of extracts obtained from S. spinosum leaves. Total phenol content was given in terms of Gallic acid equivalents (GAE). Trolox, a standard antioxidant, was used for the standard calibration curve to compare the capability of the extract to scavenge ABTS radical cation (Re et al., 1999) .
High Performance Liquid Chromatography (HPLC) Analysis.
The HPLC analysis was performed to identify the composition of the extract by comparison with standards of gallic acid, catechin, rutin, hyperoside and isoquercetin (Ying et al., 2009 ). The HPLC equipment used was Agilent 1100 equipped with the diode array detector (DAD). For chromatographic analysis phosphoric acid/water (1: 99, v/v) and (B) tetrahydrofuran: acetonitrile (5:95, v/v) were used as mobile phases with a flow rate of 1 ml/min. LiChrospher ® 100RP-C 18 column (4× 250 mm) at 30°C was used as stationary phase. The changes in absorbance values at 280 and 360 nm were monitored during analyses.
Thin Layer Chromatography (TLC)
Mobile phase consisted of ethyl acetate: formic acid: acetic acid: water (100: 11: 11: 26). TLC plate was loaded with samples of standards and crude extract dissolved in appropriate solvents. After developing, TLC plates were dried in the oven at 100°C for 3 minutes. The plates were first sprayed with 1% natural product reagent (NP), then with 5% ethanolic polyethylene glycol (PEG) solution. UV light (366 nm) under dark room was used for the observation of bands on the TLC plates.
Minimum Inhibition Concentration (MIC) Assay
For antimicrobial studies, Lyophilized forms of Candida albicans , Escherichia coli and Staphylococcus epidermidis (ATCC-12228) were obtained from American Type Culture Collections (ATCC). MIC was employed to determine the critical concentration of the extract for antimicrobial effect. Potato broth was used as the inoculation medium for Candida albicans. Nutrient broth was used for Escherichia coli and Staphylococcus epidermidis. The cultures were incubated overnight at 37°C. Microbial count was determined by 0.5 McFarland turbidity standards after overnight incubation. Crude extract was subjected to serial dilution with appropriate media. The turbidity measurements at 600 nm for growth kinetics of individual strains were carried out in triplicate using a micro plate reader (Varioskan) at 37°C for 24 h, on an agitated platform at 60 rpm. The concentrations that inhibit the growth of each strain were reported as MIC values (mg/ml).
Disc Diffusion Assay
The antimicrobial activities of S. spinosum extract having the highest and lowest antioxidant capacity and total phenolic content were obtained with disc diffusion assays. Fresh culture for each microorganism was prepared as explained in MIC assay part described above. Followed by determination of microbial count after overnight incubation, appropriate amount of microorganisms were spread on agar plates. Amount of inoculum for S. epidermidis and E. coli were 1*10 6 CFU respectively, while it was 1*10 4 CFU for C. albicans. After colonization, sterile discs without any sample (blank) were placed on plates inoculated with the microorganism of interest. The sterile blank discs were soaked with the 15µl of aqueous extracts (50 mg/ml) obtained at different extraction parameters. The diameters of the inhibition zones around the discs were recorded in millimeter (mm) after all plates were incubated at 37°C for 24 hours. Except gram positive S. epidermidis the plates were sprayed with p-Iodonitrotetrazolium violet (INT) solution to form pink stain as a result of reaction with the metabolites produced by the microorganisms. The formation of pink colour enhanced the visibility the viable colonies
Results and Discussion
Optimization Of Extract Preparation
The determination of the optimum parameters for the natural compound extraction from plant material has been the focus of many comprehensive studies (Montgomery, 2008; Choi et al., 2014; Lingzhu et al., 2015) . Size of the material, solvent type, extraction time, liquid-solid ratio can be listed as several important parameters for the extraction of phenolic compounds from plant materials. In this study, the effects of several selected parameters on yield, total phenol content (TPC) and Trolox equivalent antioxidant capacity (TEAC) of extracts were investigated using response surface methodology (Bezerra et al., 2008) .
For the central composite design of experiments the coded and deleted levels of independent parameters along with their lower, middle and upper design values are tabulated in Table 1 . Ethanol concentration (x 1 ), extraction time (x 2 ) and liquid-solid ratio (x 3 ) were selected as parameters for the extraction of phenolic compounds from S. spinosum leaves.
The second order surface response method reperesented with equation 1 below was used to fit the experimental data (Montgomery, 2008) .
The measured response variables are represented with Y. The experimental model in equation 1 consists of a constant β 0 , linear, quadratic and interactive coefficients β i , β ii and β ij , respectively. x i , x j and x ij are the levels of the independent variables. The response surface graphs were plotted by varying two variables and keepingthe others constant at the central point. The decission for the statistical significance test was made with a confidence interval level of 95.0%.
Effect of different conditions in extraction process of phenolic compounds from S. spinosum was compared in terms of TPC and TEAC assays. The experimental data and results predicted using model equation obtained central composite experimental design analysis are tabulated in Table 2 . After fitting data into model equation regression coefficients (r 2 ) for total antioxidant capacity (Y 1 ) and total phenol content (Y 2 ) were determined as 0.88 and 0.87, respectively.
The correlation between total antioxidant capacity of extract and extraction parameters is given in equation 2. Similarly equation 3 describes the realationship between total phenolic content of extract and extraction parameters.
When the extraction time and liquid-solid ratio were used to obtain the response surface plots, it was revealed that those parameters exhibited negative quadratic effect on the total antioxidant capacity of the extract as seen in Effects of extraction time and liquid-solid ratio on total phenol content (Y 2 ) were also subjected to surface response methodology. Response surface plots, obtained at fixed ethanol concentration of 50%, exhibited that increase in extraction time affected total phenol content in negative manner, as depicted in Figure 2 -A. Total phenol content was also significiantly affected with ethanol concentration, regardless of extraction time and liquidsolid ratio. Figure 2 -B and 2-C indicated the significant increase in the amount of phenolic compounds with increasing ethanol content, which can be attributed to the enhanced solubility of phenolic compounds in aqueous ethanol, as expected. This result was in accordance with the experimental results indicating significant increase in total antioxidant capacity with increasing ethanol concentration.
Extraction parameters were also tested to establish a relationship for mass yield. Some effective parameters for mass yield of the extraction process are temperature, time and solvent polarity. However, the main motivation behind this study was to determine the optimum conditions for extraction process resulting in extracts with highest antioxidant capacity due to its high phenolic content. As seen in the results of response surface and contour plots (Figure 3-A) , mass yield percentage of extract was significantly affected with varying ethanol concentration. At 40 to 50% ethanol concentration and relatively high liquid-solid ratio (approx. 30) it was possible to reach more than 20% mass yield.
The results shown in Figure 3 -B indicated that both extraction time and ethanol concentration had significant effect on mass yield percentage of extraction process. Mass yield percentage of extract was significantly affected with varying ethanol concentration. At 40 to 50% ethanol concentration and 8 to 10 hour extraction time it was possible to reach more than 18% mass yield.
Compositional Analysis of the Crude Extract
Identification of the phenolic compounds in the extract was performed by HPLC analyses. The retention times for individual phenolic compounds along with their corresponding UV spectral data are given in Figure 4 and 5. The retention times of major phenolic substances and their UV absorbance spectra were confirmed using corresponding reference standards. In the HPLC chromatogram of the extract recorded at 270 nm, two peaks detected at the retention times 16.99 (peak 4) and 18.04 (peak 5), were identified as hyperoside and isoquercetin, respectively. UV spectra and retention time of compounds were confirmed with commercially available standards. Compound 1 shared similar UV spectra and retention time (Rt) with gallic acid, while compound 2 exhibited characteristic UV max at 220 nm and 280 nm for catechin, as seen in Figure 5 . The amount of catechin in crude extract was calculated as 17.8 mg per g dried weight of extract. The retention time and UV spectra of compound 3 in the chromatogram had been confirmed by reference standard of rutin.
Earlier, presence of catechin was shown using droplet countercurrent chromatography (DCCC) (Reher et al., 1991b) . Later, catechin and epicatechin were also identified by liquid chromatography and mass spectroscopy (LC/MS) in aqueous extract of S. spinosum (Smirin et al., 2010) . Recently, using HPLC analyses presence of catechin, epicatechin, gallic acid and rutin in methanolic extract of S. spinosum leaves were reported (El-Hawary et al., 2016) . The UV spectra and retention time of compound 4 and 5 were in good match with those of hyperoside (Rt, 16.9 min) and isoquercetin (Rt, 17.8 min). Both compounds showed their UV max at 360 nm, specifically. In addition to UV spectral characterization, the identification of hyperoside and isoquercetin was further confirmed by spiking their commercial standards into extract solution before analysis. The amount of hyperoside was calculated as 12.9 mg per g dried weight of extract. Isoquercetin, the major compound of S. spinosum extract, was 36.6 mg per g dried weight of extract.
Thin layer chromatography was employed for confirmation of HPLC analysis. After staining, phenolic compounds in the extract caused a formation of distinctively separated bands on the TLC plate ( Figure 6 ). Standards of rutin, hyperoside, isoquercetin and gallic acid were in accordance with the compounds in the extract of S. spinosum, indicating their presence.
The novelty of our research was the identification of the isoquercetin and hyperoside content of S. spinosum extract. The presence of isoquercetin and hyperoside were confirmed with the results of HPLC. There is no supportive published data which can identify the content of S. spinosum in the extract with these compounds. For this reason, all compound identification was carefully studied and confirmed by many different trial and repetition. In the literature, there is no report on the presence of these natural compounds in S. spinosum. In this study, especially two main compounds (hyperoside and isoquercetin) were successfully identified in the ethanolic extract of S. spinosum leaves.
Antimicrobial Activity
Disc diffusion assays were performed for S. spinosum extract to observe the differences resulting from difference in extraction parameters as well as to compare these results with the standard extraction conditions that were 70% aqueous ethanol as extraction solvent, 20:1 liquid-solid ratio and 4 hour extraction time. Inhibition zones for the extracts were observed by INT staining. Compounds are denoted with numbers: 1-gallic acid, 2-catechin, 3-rutin, 4-hyperoside and 5-isoquercetin.
Figure 5. HPLC profile with the UV spectra of S. spinosum extract for peak 1(gallic acid), peak 2 (catechin), peak 3(rutin), peak 4 (hyperoside) and peak 5 (isoquercetin). Figure 6 The picture of the TLC plate.
Samples are S. spinosum extract (denoted by B and F) and standards (hyperoside; A, isoquercetin; C, rutin; D and gallic acid; E). Arrow denotes the direction of the run.
Antimicrobial effects of the standard extract against S. epidermidis were not clearly identified because staining procedure was not compatible with the gram positive bacteria. S. spinosum extract formed an inhibition zone at moderate level against S. epidermidis. In addition, C. albicans and E. coli were more sensitive to the plant extract than S. epidermidis, indicated by determined inhibition zones depicted in Figure 7 .
S. spinosum extracts obtained at different extraction parameters also exhibited antimicrobial activity against all species, among which C. albicans was the most susceptible ( Figure 8 ). Extracts were chosen according to antioxidant activity and total phenol content they possessed. The extract with the highest antioxidant activity coded as test #9, the highest phenolic content coded as test #6 and the lowest value for both coded as test #3 were taken into antimicrobial tests.
Quantitative analyses of the antimicrobial activity of S.spinosum extract against E.coli, S. epidermidis and C. albicans were evaluated by MIC assays (Figure 9 ). Crude extract obtained at standard extraction conditions of 70% aqueous ethanol at 20:1 liquid-solid ratio during 4 hours at room temperature exhibited its inhibitory effect on C. albicans at 2.5 mg/ml, which can be considered as the MIC value for this specie. Low concentrations of the extract exerted bacteriostatic effect on E. coli and S. epidermidis. It was also stated that ethanolic extract of S. spinosum exhibited better antifungal effect against C. albicans, when compared with its antibacterial effect against E. coli by determination of inhibition zone diameters (Ali-Shtayeh et al.,1998) . They also revealed that ethanolic extracts overall exerted better antimicrobial effects in comparison with aqueous extract. Ethanolic extract of S. spinosum can be considered as a potential antifungal overall. In another study performed by AliShtayeh et al. (2013) , 56 plant species were screened for antimicrobial activity against 16 strains including P. acnes, E. coli, K. pneumonia, P. vulgaris, P. aeruginosa and S. aureus. Sarcopoterium spinosum was regarded as one of the most active plants against all used species according to MIC, inhibition zone diameter and minimum bactericidal concentration (MBC) results due to its polyphenolic nature and flavonoid content. S. spinosum also exhibited significant inhibitory activity against C. albicans in terms of inhibitory zone diameter when compared with Arbutus pavarii, which also has a polyphenolic nature as determined by El-Hawary et al. (2016) , and commercial amphotericin B. As antimicrobial effect was found related with polyphenolic nature of the crude extract (Reyes-Munguia et al., 2016) , antimicrobial activity of S. spinosum is in accordance with its high polyphenolic content. Dibas et al. (2017) performed screening for antioxidant activity, total phenolic and flavonoid contents of five medicinal selected plants of Jordan. Among them S. spinosum was found to have highest antioxidant activity and highest ferric reducing power which is an indicator of its phenolic content with respect to ascorbic acid. These findings exhibited correlation with the high phenolic and flavonoid content of S. spinosum. Figure 9
The growth curve of (a) E. coli, (b) S. epidermidis and (c) C. albicans in liquid media including different concentrations of S. spinosum extract.
Conclusions
Sarcopoterium spinosum used in this study is a commonly used folk medicine in the Mediterranean region. Despite its use in diabetic regulation, there is limited information about S. spinosum compounds. Effects of selected extraction parameters on mass yield, total phenol content, total antioxidant and antimicrobial activities and phenolic composition of ethanolic extract of S. spinosum were investigated. Ethanol content was found as the most prominent parameter to obtain high phenolic content as well as high antioxidant capacity while extraction time affected these properties in negative manner. S. spinosum extract had relatively high antioxidant activity when compared with extracts of various plants studied in the literature. The presence of hyperoside and isoquercetin in S.spinosum leave extract were detected using by HPLC. To the best of our knowledge, this is the first report demonstrating the presence of isoquercetin and hyperoside within ethanolic extract of S. spinosum leaves. High phenolic content and antioxidant capacity also affected antimicrobial activities indicated as dominant antifungal and bacteriostatic properties. It may be possible to use the ethanolic extract of S.spinosum as an effective therapeutic agent.
